Abstract. Phycoerythrin, a photosynthetic accessory pigment, was isolated from Porphyridium cruentum and examined by eleotron microscopy and disc gel electrophoresis. The absorption monomer, with maxima at 563, 545, and a shoulder at 500 nm, has a molecular weight of about 300,000. With preparation.s of phycoerythrin were monitored by electron microscopy, absorption spectrophotometry, and the molecular weight of the smallest stable particle was determined.
Abstract. Phycoerythrin, a photosynthetic accessory pigment, was isolated from Porphyridium cruentum and examined by eleotron microscopy and disc gel electrophoresis. The absorption monomer, with maxima at 563, 545, and a shoulder at 500 nm, has a molecular weight of about 300,000. With phosphatungstic acid staining it appears as a tightly structured disc-shaped particle possessing a mean diameter of Our previous work (10) To understand the in vivo relationship of the 2 phycobiliproteins they must be distinguished at the ultrastructural level. Therefore, phycoerythrin was isolated from the red alga P. cruentum to study its structure in order to be able to compare it with phycocyanin. The work of Berns and Edwards (2) indicates that the purified C-phycocyanin, isolated from Plectonema preparation.s of phycoerythrin were monitored by electron microscopy, absorption spectrophotometry, and the molecular weight of the smallest stable particle was determined.
Materials and Methods
Phycoerythrin was obtained from Porphyridium cruentum which had been grown in axenic cultures in an artificial sea water medium (14) at room temperature. The liquid cultures, aerated with 1 % carbon dioxide and 99 % air, were continuously agitated and illuminated with cool white fluorescent lamps (incident intensity 350 ft-c).
Cells were harvested by centrifugation (10,000g) and rinsed twice in 0.01 M phosphate buffer (sodium and potassium) pH 6.8. The pellets were frozen in polyethylene tubes in an acetone-dry ice bath and stored in a freezer until used. For use the pellets were thawed and the slurry of cells was passed several times through a No. 20 syringe needle in order to break the cell clumps prior to breaking in an An4nco-French pressure cell at 8 to 12,000 psi.
The phycoerythrin isolation method, involving n-butanol and ammonium sulfate fractionation, described by Leibo Fig. 1 . Only those particles were measured which had the largest diameters as well as the most distinct boundaries. This was justified by assuming that those more clearly visible were least buried in the stain, and since we dealt with a homogenous population there was little possibility of selecting for one particular species. This usually was not a problem since with very thin spreading it was possible to measure almost every particle.
Disc Gel Electrophoresis. For the molecular weight determination of phycoerythrin the acrylamide gel electrophoresis method of Hedrick and Smith (13) was followed with 1 minor modification. It was necessary to reduce the recommended concentration of the ammonium persulfate catalyst to prevent too rapid gelation and release of 'heat. The ammonium persulfate concentration was 0.047g/ 100 ml for 4 % and 5 % gel, and 0.0228g/ml for 6 to 8 % gel. The final pH of the -small pore solution was pHl 7.9, and the large pore solution pH 5 A preparation of phycoerythrin when negatively stained with uranyl oxalate, is seen to consist primarily of monomers (see Discussion for definition). In Fig. 1 various aspects of the phycoerythrin particles are evident. Those with a rounded appearance are believed to be views of the flat side of the particles which are envisioned as being disc shaped with an axial ratio of 2:1. Since there is a tendency for the particles to dry on the grid with their flat side up, views of their narrow side are less common. Side views are more easily found where there is a build up of stain and pigment, and of course in the case of linear aggregates (Fig. 3) .
The first 2 enlargements (a and b) in Fig. 2 are of the broad face view of phycoerythrin particles, and c and d are side views.
Uranyl oxalate staining resulted in pictures with greater detail. However, with either stain the particles appear very tightly structured. Some substructure is evident in Figs. 1 and 2 , although one cannot detect a definite subunit shape nor any regular array of the substructure. There were no structural differences among preparations at pH 6.0, 6.8, and 7.0.
Measurements were made of the particle width and height on uranvl oxalate and PTA stained preparations. When a glutaraldehyde-fixed phycoerythrin preparation ( Fig. 3) is subjected to discontinuous electrophoresis on polyacrylamide gel several distinct bands result (Inset Fig. 7) . As in the untreated phycoerythrin, aill the material visible on the stained gel corresponded to the phycoerythrin bands prior to staining. The 3 bands which migrated fastest were extracted and studied. The first band, nearest the front, when examined by electron microscopy consisted entirely of monomers. Dimers (Fig. 4) were the predominant species in the second band, and trimers (Fig. 5) in the third band. Some monomers were found in the negative stained preparations from band IIL while dimers and monomers were present in preparations from band III. This can either be due to incomplete separation on the gel, or what is more likely, the larger aggregates are more readily dissociated by handling and drying on the electron microscope grids.
Of the 3 bands examined, the monomer band was always the most dense and had a bright orange fluorescence. As the aggregates increased in size, the intensity of the bands decreased. Monitoring the extracts from the gel bands revealed (Fig. 7) that the absorption maxima are the same in the monomer, dimer, and trimer preparations. (13) was used for the molecular weight determination of phycoerythrin.
By this method, using disc gel electrophoresis, size isomers can be distinguished from charge isomers.
The mobility of the 3 fastest moving bands of phycoerythrin was followed on 4 to 8 % gel. When the log of the phycoerythrin mobility relative to the dye front was plotted against gel concentration, a group of non-parallel lines intersecting around 0 % gel concentration resulted (Fig. 8) . This indicates that these are size isomers, i.e. the aggregates separated according to size.
To determine the reliajbility of this technique under our conditions, proteins of known molecular weight were run on disc gels. Then the slopes from plots of the log relative mobility versus gel concentration were determined. When the negative slopes of the chosen proteins (alpha-amyilase 45,000, bovine serum albumin monomer 65,000, catalase 240,000, and ferritin monomer 450,000) were plotted against molecular weight (Fig. 9) there was very good agreement between our results and those of Hedrick and Smith (13) . The plot of Fig. 9 was taken as the standard. By plotting the negative slope of 12.5, the phycoerythrin monomer comes very near catalase and has a molecular weight of about 270,000 while the dimer (20.5) is close to ferritin and has a rel'ative molecukar weight of about 500,000. The monomer molecullar weight value is considered to be most reliable because the dimer is near the limit of resolution. The trimer had to be ignored, since this system's accuracy is limited to the molecular weight range of 50,000 to 500,000.
Exposure of phycoerythrin to 1 % sodium dodecyl sulfate for 3 hr at 370 resulted in the loss of fluorescence and a shift in color from the usual pink to purple. The absorption spectrum of such a preparation showed that the 563 nm peak was absent. When subjected to electrophoresis on 5 % polyacrylamide gel a fast moving purple band appeared followed by a more slowly moving pink band, which contained the monomers. Examination by electron microsrcopy of the extracted purple material revealed that only very small units were present which were difficult to distinguish from the background. It was, therefore, concluded that sodium dodecyl sulfate caused a breakdown of the phycoerythrin monomer, and that due to this breakdown there was a change in the color.
Discussion
The smallest stable phycoerythrin particle possessing absorption maxima at 563, 545, and a shoulder at 500 nm with an approximate molecular weight of 300,000 is considered a monomer. This is the "native" (1,5) B-phycoerythrin molecule (for nomenclature designation see 20, 22) , and probably the in vivo functional species. Supporting reasons are:
A) Phycoerythrin is a stable chromoprotein which when isolated, normally has a molecular weight of about 200,-300,000, and B) has absorption maxima of 563, 545, and 500 nm, corresponding closelv to ,n vivo absorption, C) when this particle is .broken down into smaller units a change in-the absorption results, while upon aggregation there is no aibsorption change.
Most reported phycoerythrin molecular weights are in the 200,-300,000 range (1,3, 7, 19, 20, 22) . Therefore, the value of 270,000 obtained here by disc-gel electrophoresis and the 340,000 calculated from the electron micrograph measurements are in reasonable agreement.
T'his particle is by no mean's the smallest subunit obtainable, as shown for instance by the sodium dodecyl sulfate treatment, but it is the smallest particle which has the typical absorption maxima.
Since absorption spectra of various smaliler fractions are often not reported, it is difficult to judge if all manifest an absorption change. Neufeld (19) Literature Cited
